Abstract. Autism spectrum disorders (ASD) are a collection of neurodevelopmental disorders that are currently diagnosed solely on the basis of abnormal reciprocal language and social development as well as stereotyped behaviors. Without genetic or molecular markers for screening, individuals with ASD are typically not diagnosed before the age of 2, with milder cases diagnosed much later. Because early diagnosis is tantamount to early behavioral intervention which has been shown to improve individual outcomes, an objective biomarker test that can diagnose at-risk children perinatally is a medical imperative. The rapidly increasing prevalence of ASD in the United States (now estimated at 1 in 88 individuals) also makes early diagnosis and intervention a public health imperative. This article reviews recent genome-wide (genomic) approaches to the identification of disease markers that may be used not only for diagnosis of ASD, but also for the informed development of novel drugs that target specific core symptoms of ASD. Because of the heterogeneity of clinical manifestations associated with the ASD population, this review also addresses the importance of dividing individuals with ASD into clinically relevant subphenotypes in the quest to identify appropriate biomarkers.
Diagnosis of autism spectrum disorders
Autism spectrum disorders (ASD) are a group of neurodevelopmental disorders that are characterized behaviorally on the basis of difficulties in initiating and maintaining reciprocal social interactions, delayed or abnormal language development and usage, and stereotyped repetitive behaviors, often with restricted interests [1] . Although recently reported to affect 1 in 88 individuals in the United States with a male-to-female ratio exceeding 4:1 [2] , there are still no genetic or molecular biomarkers that can be used to unequivocally diagnose idiopathic, or nonsyndromic, ASD. This is in contrast to the genetically defined syndromic disorders, such as Fragile X, Rett, and Smith-Lemli-Opitz Syndromes, which are associated with a relatively high risk for ASD (reviewed in [3] ). The difficulty in identifying genes and other biological markers for ASD arises at least in part from the phenotypic diversity associated with this broad spectrum disorder, which undoubtedly is the result of multiple etiologies. Thus, a key strategy in the identification of potential biomarkers for ASD is the stratification of the population into more homogeneous clinical subgroups, each of which may reflect a shared biological phenotype. Also implicit in the design of studies to identify disease markers for ASD is the need to use non-neuronal surrogate tissues, such as blood, that can be easily accessed for diagnostic screening in the clinic. In this article, I will provide a brief overview of various methods that have been used to reduce the heterogeneity of ASD for genetic/genomic analyses, and then describe some of our recent high-throughput genomic studies on ASD subtypes that lend insight into disease markers that suggest novel subtype-dependent therapeutic options.
Parsing the broad autism spectrum into discrete phenotypes

Categorical vs. dimensional stratification of ASD
Different approaches have been used to divide the ASD population into more homogeneous subgroups for genetic and other biological analyses. For example, using a categorical approach, individuals with ASD have been subdivided on the basis of regression (e.g., loss of acquired language or social skills) or early-onset for gene expression analyses of primary lymphocytes [4] . This study demonstrated that genes involved in natural killer (NK) cytotoxicity were prominent among differentially expressed genes shared by both regressive and early-onset phenotypes relative to controls from the general population. However, it was not clear what distinguished these two phenotypes from each other. Other studies utilized language phenotypes in genetic linkage analyses to highlight markers on chromosomes 7q and 13q [5] , although these results could not be replicated in an independent study [6] . An alternative approach to heterogeneity reduction is the use of quantitative traits to stratify individuals according to symptom severity. Such dimensional stratification of subjects also permits inclusion of undiagnosed "broad spectrum" individuals (usually family members of the proband) [7, 8] who exhibit a relevant autistic trait or "endophenotype" [9] , which increases the power of associating a genetic variant with a particular trait. Examples of genetic studies employing dimensional stratification include those which have used severity of language impairment [10] , nonverbal communication [11] , social skills [12, 13] , insistence on sameness and repetitive behaviors [14] to identify quantitative trait loci (QTL) or single nucleotide polymorphisms (SNPs) that associate with these deficits. While improving significance (i.e., LOD or Z-scores) for specific chromosomal regions in linkage analyses, it is worth mentioning that most of the above-mentioned studies stratified individuals according to a single dimension, such as, language or social impairment.
Multi-dimensional subphenotyping of ASD
In order to reduce the heterogeneity within the ASD population for genome-wide gene expression analyses, we developed a novel phenotyping method involving multivariate cluster analyses of severity scores from the ADI-R diagnostic instrument [15] (widely considered to be a "gold standard" behavioral diagnostic measure for ASD) to separate individuals with ASD into subgroups according to similarity of symptomatic behavioral profiles [16] . In contrast to the cited studies that divided the ASD population according to a single or a few specific traits (such as regression, repetitive behaviors, or loss of spoken words), we selected 123 item scores that captured a broad spectrum of behaviors manifested by individuals with ASD in order to identify phenotypic subgroups of individuals with idiopathic ASD on the basis of similarity of symptom severity across multiple functional domains. Moreover, the use of multiple ADI-R items for each trait (which included spoken language, nonverbal communication, social interactions, play skills, restricted interests and repetitive behaviors, sensory abnormalities, aggression, and savant skills) adds to the robustness of the cluster analyses and hence phenotype definition, since the multiplicity of items interrogating a specific trait in part buffers against inaccurate responses for any single item (e.g., due to faulty recollection or perception of the respondent). Based on hierarchical and K-means cluster analyses which were supported by unsupervised principal components analyses of the individuals based on the 123 ADI-R item scores, we could distinguish 4 phenotypes of ASD which were described according to differential severity profiles. These ASD phenotypes included: 1) a subgroup with high severity scores across all items and, most notably, language deficits, 2) a subgroup with a high frequency of savant skills, 3) a subgroup exhibiting mild severity across all ADI-R items (many in this group having a clinical diagnosis of PDD-NOS or Asperger's Syndrome), and 4) a subgroup of intermediate severity across all items, but with a low frequency of savant skills. As described below, gene expression profiling and genome-wide association (GWA) analyses demonstrated that these ASD subtypes could be associated with distinct, but somewhat overlapping transcriptomic (i.e., gene expression) and genetic signatures.
Association of biological phenotypes and disease markers with ASD phenotypes
To test the hypothesis that these ASD behavioral subphenotypes represented distinct biological phenotypes, we conducted large-scale gene expression analyses on lymphoblastoid cell lines (LCL) derived from individuals in 3 of the 4 defined ASD phenotypes: the severely language-impaired, the mild, and the "savant" subtypes [17] . The resulting gene expression profiles differentiated the individuals with ASD from controls while distinguishing each ASD subtype from the others, thus associating a "biological phenotype" with a specific behavioral or symptomatic phenotype. Moreover, these subtype-dependent expression profiles were both qualitatively as well as quantitatively distinct from each other, with sets of genes being either directly or inversely correlated with severity of phenotype. Interestingly, 15 genes that are involved in, or strongly dependent on, circadian rhythm were dysregulated only in the subtype of ASD with severe language impairment. An interactive gene network constructed by pathway analysis of these 15 genes is shown in Fig. 1 . As some of these genes have profound effects on sleep as well as neurological functioning, this finding suggests a treatment modality aimed at treating the sleep disorder in individuals who present with abnormal levels of key genes in this network. For example, the gene arylakylamine-N-acetyltransferase (AANAT), which produces the ratelimiting enzyme in the synthesis of the sleep-inducing hormone melatonin, is downregulated in this subtype of ASD. This finding suggests that melatonin supplementation may improve circadian rhythm as well as associated neurological functions. Indeed, the interplay between synaptic function and circadian rhythm has been proposed [18] . Another gene within this network that may suggest a therapeutic option is dihydropyrimidine dehydrogenase (DPYD), which produces an enzyme whose deficiency predisposes individuals to epilepsy and mental retardation [19] which are co-morbid conditions often associated with the most severely affected individuals with ASD. It is notable that 18% of individuals with a genetic mutation in DPYD have also been diagnosed with ASD [19] . Because of the high risk for epilepsy and associated neurological problems, individuals with ASD who exhibit a reduction in DPYD may be most responsive to anti-convulsant medications. Thus, AANAT and DYPD are examples of disease markers that may potentially serve as both diagnostic as well as therapeutic targets for the most severe subtype of ASD, especially if these enzymes are found to be reduced in the affected individuals. As will be discussed later, retinoic acid-related orphan receptor-alpha (RORA), another circadian regulator gene within this network, may also serve as a sentinel for environmental triggers of ASD.
Genetics: A search for causal mutations and disease markers in DNA
Genome-wide approaches to identify linkage regions and genetic variants
Although autism spectrum disorders exhibit a strong genetic component, it has been difficult to identify causal mutations or even robust genetic biomarkers through classical genetics methodologies,including cytogenetic analyses, linkage disequilibrium family studies on suspected chromosomal regions, and candidate gene association analyses. As such studies have been extensively reviewed elsewhere [20] [21] [22] [23] [24] , they will not be addressed here, inasmuch as the focus of this review is on the use of genome-wide or '-omics' approaches to identify disease markers of ASD.
Recently, large-scale genotyping techniques using microarrays have made possible the genome-wide analyses of genetic variation in hundreds to thousands of individuals in both genetic linkage studies (using pedigree information) as well as case-control association analyses [25] [26] [27] [28] [29] [30] . These studies have revealed genetic susceptibility loci as well as candidate genes in almost every chromosome. However, many of the candidate genes from one study are not replicated in another study with a few exceptions, for example, contactinassociated protein-like 2 (CNTNAP2) which was simultaneously reported as a candidate gene for ASD by several groups [31] [32] [33] . This lack of reproducibility may be attributed in part to the genetic heterogeneity among the cases, inasmuch as most case-control studies combine individuals with ASD into one case group. In addition, the corrections for multiple testing required of genome-wide association analyses due to the sheer number of single nucleotide polymorphisms (SNPs) analyzed in any one study (from 10K to now over 1 million) make it difficult to identify statistically significant SNPs. Nevertheless, integration of the findings from multiple large-scale genetic analyses points to recurrent functional themes among the candidate genes, including axon migration and synapse formation/regulation (reviewed by [34, 35] ).
Linking genotype to phenotype
To test the hypothesis that division of ASD cases into more homogeneous subtypes might also aid in the identification of significant SNPs in genome-wide association (GWA) analyses, we undertook a meta-analysis of published GWA data in which individuals with ASD were subgrouped according to ADI-R symptom severity profiles [36] . GWA data was derived from the study of Wang et al. [30] and ADI-R scoresheets for a subset of the genotyped individuals were obtained through the Autism Genetic Resource Exchange (courtesy of Dr. Vlad Kustanovich). The item scores from the ADI-R diagnostic measures were used in two ways: 1) to perform quantitative trait association analyses for 5 distinct autistic traits; and 2) to subtype individuals with ASD according to our published cluster analyses of ADI-R scores [16] . For quantitative trait association analyses, 14-23 ADI-R scores were summed to obtain each individual's cumulative score for each of the following 5 traits: language impairment, nonverbal communication, play skills, insistence on sameness and ritualistic behavior, and social development. We then conducted quantitative trait association analyses using the distribution of scores for each of the traits and the respective genotype data to identify sets of SNPs that are potentially of functional relevance with regard to the ASD traits. These 5 analyses together resulted in the identification of 167 unique SNPs out of the 513,312 SNPs on the array that survived quality control tests. These traitfiltered SNPs were then used in case-control association analyses in which the cases were either combined or divided into ASD subtypes as defined by our ADI-R cluster analyses. Notably, 18 novel highly significant SNPs (Bonferroni corrected p 0.05) were found to be associated with at least one of the 4 subphenotypes of ASD, while 10 of these SNPs were replicated in a second ASD subtype (representing an independent cohort), but at a lower level of significance (< 10% False Discovery Rate by Benjamini-Hochberg correction for multiple testing). Interestingly, the odds ratios (reflecting minor allele frequencies) of the replicated SNPs were distinctly different for the ASD subtypes sharing them, confirming the genetic heterogeneity between the subtypes. It is noteworthy that no significant SNPs were identified when all 1867 cases were combined and analyzed against 2438 nonautistic controls, thus underscoring the importance of ASD subtyping to identifying genotype-phenotype associations.
Connecting SNPs to pathobiology of ASD and potential therapies
Although all 18 of the ASD-associated SNPs are located in noncoding regions (that is, promoter, intronic and intergenic regions), some of the genes associated with the identified SNPs offer new insight into the pathobiology of ASD as well as novel therapeutic tar-gets [36] . One of these genes, 5-hydroxytryptamine receptor 4 (HTR4), is a serotonin receptor subtype that is present not only in the central nervous system, but also in the gastrointestinal (GI) system, where it has been associated with irritable bowel disease and other GI disorders [37] . The odds ratio for the SNP rs7725785 at the intron boundary of HTR4 is 1.44 for the severe ASD phenotype while the odds ratio is ∼0.7 for both the mild and moderate phenotypes. This geneticallydefined difference in susceptibility is corroborated by separate studies involving gene expression profiling of lymphoblastoid cell lines (LCL) from these three ASD subtypes in which the expression of HTR4 was downregulated in the language-impaired group, but not in the mild or moderate subgroups [17] . This corroboration suggests a functional connection between this intronic SNP and gene expression, and provides independent support for the differential subtype-dependent involvement of HTR4 in ASD. Inasmuch as many individuals with ASDs are also affected by digestive disorders [38, 39] , it is conceivable that drugs targeting HTR4 in the gut may improve both the GI as well as neurological symptoms associated with this ASD subtype. It is notable that two of the other significant SNPs are in the promoter regions of the chemokines CCL20 and CCL25 which, when elevated, are linked to irritable bowel disease [40] . These genes may thus serve as additional targets for the treatment of individuals with ASD who also present with comorbid GI disorders.
Another candidate gene implicated by our subphenotype-dependent GWA study is GTP cyclohydrolase I (GCH1), which lies just downstream of the SNP rs17738966 (odds ratio = 1.52 for the moderate ASD subtype). GCH1 is the rate-limiting enzyme in the de novo biosynthesis of tetrahydrobiopterin (BH4), a cofactor required for the biosynthesis of folate, serotonin, dopamine, melatonin, and catecholamines, which are all important for neural development and functions. Indeed, reduced BH4 has been observed in the cerebrospinal fluid of individuals with ASD [41] , and there are ongoing clinical trials using BH4 supplementation to address this deficiency [42] . While one clinical trial is based on evidence of pterin deficiency,the other is being conducted using a double-blind, placebo-controlled protocol. It is suggested that inclusion of genotype information regarding this SNP as a disease marker may help to identify those individuals who may benefit from such therapy. Our subtype-dependent genetic association analyses thus link common genetic variants to biological phenotypes and establish a foundation for the development of diagnostic screens as well as pharmacogenomic studies based on ASD subtype-dependent genetic markers [43] .
Mining the epigenome for disease markers
Epigenetic regulation of gene expression
While the majority of studies directed towards identifying disease markers for ASD have focused on genetics and, to a lesser extent, gene expression, relatively few have searched for disease signatures in the epigenome. The "epigenome" is the net result of all of the epigenetic processes that regulate gene expression without altering DNA sequence. These epigenetic processes include reversible covalent modification of DNA (e.g., methylation of cytosine) and chromatin (e.g., histone acetylation, methylation, and phosphorylation) as well as the gene regulatory activities of noncoding RNA [44] [45] [46] [47] [48] . Epigenetic mechanisms thus act as interpreters of genetic information, receiving guidance from both internal (e.g., physiological) as well as external (e.g., environmental) signals to control the levels of gene activity. As mentioned in the previous section, all of the highly significant SNPs identified in our ASD subtype-dependent GWA analysis were in noncoding regions of the DNA. If functional, these noncoding SNPs may therefore play a role in the regulation of their host or proximal gene, as suggested by the SNP at the intron boundary of HTR4 whose expression is reduced in the severe ASD phenotype. Alternatively, these SNPs may exert more long-range gene regulatory effects by altering chromatin structure or by mutating noncoding RNA (ncRNA) transcripts, each of which can potentially regulate hundreds of genes, even distally. A recent example of such long-range effects is the regulation of the gene moesin on chromosome X by an antisense ncRNA located in an intergenic region on chromosome 5p14.1 [49] , which was associated with highly significant SNPs identified by a prior GWA study [30] .
The potential of ncRNAs as biomarkers for ASD
Among the various species of gene regulatory ncRNAs, microRNA (miRNA) is the best understood with respect to mechanism of action and target gene selection. MiRNAs are endogenous, single-stranded RNA molecules of approximately 22 nucleotides in length that negatively regulate gene expression at both transcriptional and post-transcriptional levels [50] . There is ample evidence that miRNAs are involved in the development and function of the nervous system [51] [52] [53] [54] . To date, only four studies have addressed miRNA expression in ASD. Abu-Elneel and colleagues first re-ported differential expression of 28 miRNAs in cerebellar tissues from 13 autistic and 13 age-, gender-, PMI (post-mortem index)-and hemisphere-matched controls [55] , while Talebizadeh et al. profiled miRNA expression in LCL from 6 individuals with ASD and 6 age-and sex-matched individuals [56] . The latter study reported 9 differentially expressed miRNAs between the individuals with ASD and controls, with 4 out of the 9 miRNAs overlapping with those identified by the former study, indicating that differentially expressed brain-related miRNAs can also be differentially expressed in LCL. While neither study included miRNA target validation, the majority of the differentially expressed miRNAs have predicted gene targets that had been previously identified as candidate genes for ASD through genetic analyses.
Two subsequent studies coupled miRNA expression profiling with gene expression profiling in LCL from the same samples. In a study by Sarachana et al. [57] , 43 differentially expressed miRNAs, 16 of which had been previously reported to be brain-specific, brainrelated, or involved in neural differentiation [58] [59] [60] [61] , were identified between diagnostically discordant pairs of twins and siblings. The putative gene targets [inhibitor of DNA binding-3 (ID3) and polo-like kinase-2 (PLK2)] of two RT-qPCR-confirmed brain-specific miRNAs [hsa-miR-29b and hsa-miR-219-5p], were validated by miRNA overexpression and knockdown assays, respectively. Moreover, the expression levels of ID3 and PLK2 and their endogenous regulatory miRNAs in the majority of LCL from cases and controls show an inverse relationship, further suggesting that ID3 and PLK2 are in vivo targets of miR29b and miR219-5p, respectively. While ID3 is involved in inhibiting neuronal differentiation and maintaining the neural stem cell pool [62, 63] , PLK2 is critical for nerve growth factor-induced neuronal differentiation [64] and homeostatic synaptic plasticity [65] . It is noted that the decrease in ID3 expression with a concomitant increase in PLK2 expression, as seen in individuals with ASD, would shift the balance towards depletion of neural stem cells and increased neuronal differentiation. Functional analysis of all of the predicted gene targets whose transcripts were found to show an inverse relationship with the differentially expressed miRNAs further identified gene networks involved in embryonic development, synaptic development and function, circadian rhythm signaling, inflammation, androgen metabolism, and digestive functions, all of which have been implicated in ASD. Using a similar strategy of integrating miRNA and mRNA expression in LCL derived from case-control siblings, Ghahramani Seno et al. reported 12 miRNAs that were differentially expressed by 1.5-fold in at least 12 out of 24 sib-pair comparisons [66] . Although there was some overlap of differentially expressed miRNAs among the 4 studies, there was no consistent pattern of miRNA expression. Most likely, this inconsistency is in part due to the phenotypic heterogeneity of the cases employed in the different studies. In support of this interpretation, significant improvements in p-values for differentially expressed miRNAs were achieved (almost 7 orders of magnitude for miR486-5p) when cases that were clustered according to similarity of mRNA expression profiles were used as a separate cohort. Moreover, the reanalysis of the miRNA expression data for this cohort yielded seven additional miRNAs among the 13 most significant differentially expressed miRNAs. Thus, this study further demonstrates the added value of subtyping subjects (in this case by gene expression profiles) for large-scale genomic analyses.
With respect to the potential use of miRNAs for diagnosis of ASD, Sarachana et al. demonstrated complete separation of cases and controls by unsupervised hierarchical clustering and principal components analysis based on the 43 differentially expressed miRNAs [57] . Because of the stability of cell-released circulating miRNA molecules in plasma and serum [67, 68] , miR-NA profiles are particularly attractive candidates for biomarkers that may be detectable in easily accessed peripheral tissues (e.g., blood). However, additional studies are needed on larger and more homogeneous subgroups of cases to replicate these findings and to fully validate the usefulness of differentially expressed miRNAs as disease markers for ASD.
6. The convergence of genomics, epigenetics, and environment on RORA, a functionally relevant biomarker for ASD As mentioned above, DNA methylation is another epigenetic mechanism that regulates gene expression. Although aberrant methylation has long been associated with syndromic disorders that may be comorbid with ASD, such as Fragile X, Rett Syndrome, and the imprinting disorders Angelman and Praeder-Willi Syndromes (see review of "epigenetic syndromes" by Grafodatskaya et al. [69] ), relatively few studies have directly addressed the involvement of methylation in idiopathic autism. Because little was known about specific genes that are differentially methylated in ASD, Nguyen et al. used an unbiased approach to investigate DNA methylation differences in LCL from discordant twin and sib pairs, where one individual of each pair had been diagnosed with idiopathic ASD [70] . Global methylation was assessed using an 8K CpG island array and the resulting data was compared against previously obtained gene expression data [71, 72] for the same samples. Functional analysis of genes that exhibited both increased methylation and decreased expression revealed a gene interaction network that included ASD-relevant processes, such as fetal development, regulation of synapse, mental deficiency, inflammation, digestion, and steroid biosynthesis (Fig. 2) . Two genes from the network, BCL2 and RORA, were further confirmed with respect to increased methylation and decreased expression. Moreover, the protein products of both genes were found to be reduced in post-mortem brain tissues from individuals with ASD relative to controls, thus linking molecular changes in peripheral tissuederived cells to parallel molecular changes in the autistic brain. Reduction of BCL2 protein in post-mortem brain tissues from individuals with ASD is consistent with earlier findings of reduced BCL2 in the cerebellum and frontal cortex of affected individuals [73, 74] . RORA, on the other hand, is a novel candidate gene for ASD that functions as a nuclear hormone receptor whose deficiency or disruption can severely impact functions known to be impaired in ASD. As determined by studies on the Rora-deficient staggerer mouse model, these functions include cerebellar development [75, 76] , Purkinje cell differentiation and survival [77] , neuroprotection against oxidative stress [78] and inflammation [79] , and regulation of circadian rhythm [80] . Behavioral studies on the staggerer mouse, primarily used as a model to study ataxia and dystonia [75] , show that Rora is also associated with restricted behaviors reminiscent of ASD, such as perseverative tendencies [81] , limited maze patrolling [82] , anomalous object exploration [83] as well as deficits in spatial learning [84] . Thus, Rora deficiency in mice is not only related to the pathobiology often seen in ASD, but is also associated with many of the behavioral phenotypes of ASD.
Purkinje cell loss in male staggerer mice occurs much earlier in life in comparison to cell loss in female staggerer mice [85] , suggesting the possible interaction of RORA with sex-determining hormones. Sarachana et al. therefore investigated the influence of sex hormones on the expression of RORA in a human neuronal cell line [86] . They found that RORA expression is regulated by both male and female hormones, but in opposite directions, with the androgen dihydrotestosterone reducing RORA expression and estradiol increasing it. RORA, in turn, was demonstrated to transcriptionally regulate aromatase, an enzyme that converts testosterone to estrogen. Interestingly, both RORA and aromatase proteins were found to be reduced in the postmortem frontal cortex of individuals with ASD, with a correlation coefficient of 0.91. These findings thus suggest an inhibitory feedback loop in which RORA deficiency can lead to elevated testosterone levels (due to reduction in aromatase) which may further suppress RORA expression. It is noteworthy that elevated fetal and serum testosterone levels have been associated with autistic traits [87] [88] [89] as well as abnormalities in brain structure [90] . Thus, we propose that females, with inherently lower testosterone levels, may exhibit a higher threshold for autism risk in response to RORA deficiency. Indeed, preliminary studies using confocal immunofluorescence analyses indicate that RORA protein levels are ∼17-25% higher in the frontal cortex of unaffected females relative to that of unaffected males (unpublished data), suggesting sexual dimorphism with respect to RORA expression.
Collectively, these studies suggest that RORA deficiency may contribute to the known pathophysiology, behaviors, and sex bias of ASD. The hormone sensitivity of RORA further suggests that environmental pollutants such as endocrine disrupting chemicals (EDC), many of which mimic sex hormones or their antagonists, may interfere with the normal expression and function of this critical transcriptional regulator, thus increasing risk for ASD through gene by environment interactions. Preliminary studies in our laboratory have shown that RORA expression in a neuronal cell line is indeed modulated by exposure to EDCs (unpublished data). Thus, RORA deficiency may be useful not only as a biomarker for diagnosis of the most severe subtype of ASD (i.e., with language impairment), but also as a molecular sentinel for detection of environmental health hazards that increase risk for ASD.
Summary
With the rising prevalence of ASD in the United States and the world, the identification of disease markers for the diagnosis of ASD is of utmost importance to permit early intervention which, in the absence of targeted medications, has been shown to most improve individual outcomes. As reviewed in this article, many different genome-wide approaches have been used to seek out genetic, gene expression, and epigenetic signatures of this enigmatic set of neurodevelopmental disorders. However, the heterogeneity of ASD has complicated the identification of reliably robust biomarkers that can be used for diagnostic screening. I have given a few examples in which subtyping of ASD improves the ability to identify functionally relevant disease markers. Additional advances in this area will therefore be dependent on connecting specific phenotypes of ASD with their respective underlying biological and genetic vulnerabilities. Such information will be useful not only in the molecular diagnosis of ASD, but also in the development of targeted therapies to address the specific biological deficits manifested in clinically relevant subgroups of individuals with ASD.
